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LOW VOC HAIR SP RAY RESIN COMPOSITION 
OF IMPROVED SPRAY PROPEPTIFQ 

BACKGROUND OF THE INVENT T OW 

N-vinylpyrrolidone homopolymers and 
homopolymeric alkyl substituted N-vinylpyrrolidone 
derivatives in the K 15 to 90 range have been employed as 
hair fixatives since these film forming polymers are 
nontoxic and possess some hair holding ability. Although 
improvements in the later property have been achieved 
through the development of N-vinyl lactam terpolymers, 
their incorporation in hair sprays has not provided the 
degree of stiffness needed for hair setting. 
Accordingly, several N-vinyl pyrrolidone terpolymer 
mixtures have been employed to combine stiffness and hold 
in pump spray and aerosol hair setting formulations. For 
example U.S. Patent 5,158,762 utilizes mixtures of 
N-vinyl pyrrolidone, N-vinyl caprolactam and 
dimethylaminoethyl-methacrylate terpolymer (e.g. G AFFIX® 
VC-713, supplied by International Specialty Products) and 
polyhydroxylated sulfate ester salts; however, these 
compositions are not altogether satisfactory in that they 
lack strong holding power and desired stiffness under 
high humidity conditions. Additionally, tack duration is 
extended and the mixture exibits wet hair comb drag 
resulting in poor combability. 

U.S. Patent 5,126,124 employs mixtures of 
relatively high and low molecular weight resins, e.g. 
GAFFIX® VC-713 and polyvinylpyrrolidone to achieve 
acceptable stiffness and holding power, although 
tackiness at high humidity and low combability remain 
unsolved and troublesome problems. 
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While GAFFIX alone has been proposed as a hair 
fixative having good conditioning and high humidity 
holding power (HHCR) , as in U.S. Patent 4,521,404, the 
terpolymer fails to provide the degree of stiffness 
required for, current hair sprays. From the teachings in 
the art, it appears that active components combined with 
vinyl lactam terpolymers in a given hair spray mixture 
for the purpose of solving or minimizing one problem, 
generally result in creating or exacerbating another. 
Hence, the combinations of individual active components 
in a vinyl lactam polymer mixture is highly 
unpredictable. Particularly, it would be expected that 
the excellent holding properties of N-vinyl lactam/ amino- 
acrylate terpolymers would be proportionately diminished 
by dilution with hygroscopic polymeric additives having 
little or no holding power in aqueous solutions. 

Accordingly, it is an object of this invention 
to provide a specific resin mixture derived from four 
monomeric components as the active ingredients in a hair 
spray formulation having improved hold and stiffness 
under very high humidity conditions while increasing 
combability and minimizing tackiness during drying on the 
hair. 

Another object is to provide a hair fixative 
which possesses the above beneficial properties and which 
forms a clear, colorless, non-flaking film which is 
readily removed with shampoo and does not cause build up 
on hair fibers. 

Still another object is to provide an 
economical hair spray composed of resins which are 
commercially available but which have opposing hair 
treating properties. 

These and other objects of the invention will 
become obvious from the following description and 
disclosure. 
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DEFINITIONS 

For the purposes of this disclosure: 

1. The active hair fixative resin is a mixture of 
N-vinyl pyrrolidone/N-vinyl caprolactam/dialkylaminoalkyl 
acrylate or methacrylate terpolymer and N-vinyl 

pyrrol idone/ vinyl acetate copolymer* 

2. The hair spray concentrate is the active hair 
fixative resin mixture in an organic carrier wherein the 
concentration of the resin mixture is between about 25 
and about 50 wt.%. 

3. The low VOC (volatile organic compounds) pump hair 
spray composition is the 80-95 wt.% water or 
hydroalcoholic solution or suspension of the terpolymer 
and copolymer resin mixture containing 0.5-7% solids. 

4. The low VOC aerosol hair spray composition is the 
0.5-7% solids composition of the terpolymer and copolymer 
mixture in between about 45 and about 75 wt.% aqueous 
alcohol, between about 25 and about 50 wt.% aerosol 
propellant and neutralizer. 



THE INVENTION 



In accordance with this invention there is 
provided an improved hair fixative composition which 
comprises an aqueous, low VOC, 0.5 to 7 wt.% solids 
mixture consisting essentially of , as the active hair 
fixative ingredients, 

(a) a terpolymer of from about 17 to about 30 wt.% 
N-vinyl pyrrolidone, from about 60 to about 80 wt.% 
N-vinyl caprolactam and from about 3 to about 6 wt.% 
di- C x to C 4 alkyl amino C x to C 4 alkyl-acrylate or 
methacrylate having a number average molecular weight of 
between about 20,000 and about 200,000 and (b) a N-vinyl 
pyrrolidone/vinyl acetate copolymer having a number 
average molecular weight of between about 10,000 and 
about 100,000, combined in a weight ratio of 1.4*6:1 (a) 
to (b). 

Hygroscopic copolymer (b) is composed 
desirably of from about 25 to 75 parts vinyl pyrrolidone 
(VP) and 75 to 25 parts by weight vinyl acetate (VA) ; 
preferably a 60-70/40-30 mixture, and most preferably a 
70/30 monomer proportion. This copolymer is most 
beneficially combined with terpolymer (a) in a weight 
ratio of 1:2-3.5 copolymer (VP/VA) to terpolymer which 
provides a hair fixative mixture formulation exhibiting 
short tack duration and excellent combability coupled 
with superior hair hold and stiffness in humid 
atmospheres. The terpolymer is referred to herein as 
VP/VCL/AA or VP/VCL/AA terpolymer. 

The preferred VP/VCL/AA ter polymers of this 
invention are those wherein the aminoacrylate monomer is 
a dimethylamino C 1 to C 3 alkylmethacrylate, dimethylamino- 
ethylmethacrylate being most preferred. The terpolymer 
component of the mixture can be introduced in the form of 
a powder or as an alcohol or aqueous alcohol solution 
containing from about 25 to about 65 % terpolymer. An 
example of a most preferred commercially available 
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VP/VCL/AA terpolymer solution is GAFFIX® VC-713, 37% 
terpolymer in C 2 to C 4 alkanol e.g. ethanol. An example 
of the commercially available terpolymer powder is H20LD 
EP-1 powder, both supplied by International Specialty 
Products . 

Concentrates of the present hair fixative 
mixture are prepared in from about 50 to about 75 wt,% 
liquid carrier, more desireably from about 60 to about 68 
wt.% liquid carrier. The concentrate can be subsequently 
diluted before use with the same or a different liquid. 
Suitable liquid carriers employed herein include lower c 
to C< alcohols, heptane, cyclohexane, methylethyl ketone 
and aqueous solutions of the same and mixtures of 
carriers. 

The use of the present concentrates in the 
final formulation of a hair spray are diluted to form a 
liquid solution, containing from about 25 to about 50 
wt.%, preferably from about 35 to about 4 0 wt.% 
concentrate to provide a low VOC hair spray having not 
more than 55% volatiles. 

Hair spray concentrates of the invention can be 
prepared as solutions, dispersions or suspensions, more 
desirably from liquids containing from about 30 to about 
60 wt.%, preferably 35 to 45 wt.%, water and from about 
70 to about 40 wt.%, preferably 65 to 55 wt.%, lower 
alkanol, particularly ethanol or isopropanol, which 
aqueous mixtures are suitable for use in pump or aerosol 
hair sprays. 

Since water is known to plasticize 
vinylpyrrolidone in VP/VA copolymer, the presence of this 
copolymer in the above mixture would be expected to 
significantly lower humidity hold resistance of the 
terpolymer. Conversely, it is now discovered that the 
holding power of the terpolymer in the final hair spray 
is not reduced and that the desired degree of stiffness 
can be achieved for hair setting in the presence of up to 
about 40% water by the use of the present resin mixture. 
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When used in a pump spray formulation, the 
concentrate need not be neutralized, although up to about 
0.5 wt.% of a conventional neutralizing agent can be 
employed if desired without detriment. However, when 
used in an aerosol spray, the composition contains 
between about 0,05 and about 0.5% of neutralizer to 
obtain a clear solution having a pH of 7-10, preferably 
8-9.5. Examples of such neutralizing agents include 
organic and inorganic compounds such as sodium hydroxide, 
ammonium hydroxide, aminomethylpropanol, potassium 
hydroxide, dodecylamine, triethanolamine and the like and 
mixtures thereof. When used as an aerosol spray, between 
about 50 and about 80 wt.%, preferably between about 60 
and about 70 wt.% of the concentrate composition can be 
mixed with from about 20 to about 50 wt.%, usually from 
about 30 to about 40 wt.%, of a conventional propellant 
such as butane, propane, isopropanol, nitrous oxide, 
carbon dioxide, dimethyl ether, dif luoroethane, etc and 
mixtures thereof. 

In addition to the above components, the hair 
fixative mixture of this invention may optionally contain 
up to 3 wt.% (based on total composition) of non-active 
excipients such as a surfactant, a preservative, a 
corrosion inhibitor, a conditioner, a hair curling agent, 
a hair coloring agent and/ or other additives commonly 
employed to enhance the physical properties of the 
formulation. Examples of such excipients include PEG-75 
lanolin; C 12 -is alkyl lactates; quaternary hydroxylated 
amide halides, e.g. mink amidopropyl dimethyl 
2 -hydroxy ethyl ammonium chloride, gluconamido dimethyl 
2 -hydroxy ethyl ammonium chloride and myristyl acetate 
ammonium chloride; diisopropyl adipate, polypropylene 
glycol-polyethylene glycol lanolin oil; lauramide diethyl 
amine; acetyl triethyl citrate, dimethicone copolyol; PEG 
amino glycerides; methyl ethyl amine borate; methyl 
isopropylamine borate; ammonium hydroxide; nitromethane ; 
amino methyl propanol; tridecyl neopentanoate; myristyl 
lactate; isodecyl oleate; etc. and mixtures thereof. 
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In addition to the above desirable properties, 
the present hair sprays possess excellent stability and 
spray characteristics evident as a fine mist with no 
clogging of the spray nozzle. They also provide a clear 
film on the hair fibers which is easily removed by 
shampooing to avoid hair build-up and resist flaking on 
the hair. 

The present hair fixative concentrates are 
economically prepared by simply adding the VP/VA 
copolymer resin, either as a powder or as a solution or 
dispersion, to an alcoholic solution of the VP/VCL/AA 
terpolymer after the addition of the desired amounts of 
water and/ or alcohol and agitating the resulting 
dispersion or solution until a uniform mixture 
concentrate is attained. This is accomplished under 
ambient temperature or a temperature of up to about 27 °C. 
Within a period of from about 10 minutes to about 1 hour, 
more often within 15 to 30 minutes, an intimate blend or 
dispersion of the resin mixture is obtained. For use in 
a pump spray, the final formulation contains from about 
80 to about 95 wt. % liquid solvent; whereas the final 
formulation of an aerosol contains from about 45 to about 
75% liquid solvent, allowing for the addition of 
propellant to the concentrate. 

The copolymer in the above process can be 
employed as a 10 to 50% solution in a suitable solvent 
such as a C 2 to C 4 alcohol or as a dispersion in another 
solvent such as water or aqueous alcohol. The same or a 
different solvent within the above list can be employed 
for the terpolymer. Alternatively, the copolymer can be 
added as a dry powder and sprinkled into the terpolymer 
solution during the preparation of the concentrate. 
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Having generally described the invention, 
reference is now had to the accompanying examples which 
illustrate comparisons with prior hair sprays or 
preferred embodiments of the present invention of which 
the later are not to be construed as limiting to the 
scope of the invention more broadly set forth above and 
in the appended claims, 

EXAMPLES 1-4 

The following compositions of the invention 
were prepared in a stainless steel mixing vessel and 
mixed at ambient temperature for 20 minutes with a 
turbine agitator. 

Example 1 2 3 4 

Component Weight % 



GAFFIX® VC-713 11.00 13.50 

(37% active in 
ethanol) 



H20LD EP-1 powder - - 4.00 4 00 
99.97% active 

VP/VA W-735 2.00 4.00 2.00 2.00 
(50% active in water) 

Excipients - - 0.07 0.27 

Propellant - - - 35.00 

Total Ethanol 48.07 46.49 55.00 20.00 

Total Water 38.93 36.01 38.93 38.73 



COMPARATIVE EXAMPLES 5-13 



The following hair sprays were prepared in the 
manner set forth in the preceding examples. 
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COMPARATIVE EXAMPLES - Hair Sprav Pronprf.lftw 

The above stable hair spray compositions 1.20 
ml. were tested by spraying 4% solids solutions on 2.0 g. 
swatches of human hair and observing the results for high 
humidity curl retention. All other tests, except 
hardness, employed 3.5 g. hair swatches. Film hardness 
was evaluated by application to a glass plate by drawing 
down a 0.03 inch film, allowing it to dry and evaluating 
by the standard pencil hardness test. 



TABLE I 



ExatnDle No. 


1 


2 


3 


4 


5 


6 


7 


Film Hardness 


2H 


H 


H 


HB 


4H 


4H 


H 


PH 

Pump Spray 
Aerosol spray 


8.8 
9.3 


9.3 
9.3 


9.0 
9.2 


8.9 
8.9 


9.3 
9.4 


8.7 
9.3 


8.9 
9.0 


Hold 90% 

humidity 
% at 90 mins 
% at 4 hours 


94.32 
94.32 


95.38 
91.26 


98.94 
93.75 


85.55 
74.03 


96.43 
90.86 


93.62 
92.34 


97.3! 
96.02 


Duration of 
Tack 
(seconds) 


28 


36 


44 


36 


25 


34 


38 


Film Stiffness 


7.4 


7.4 


8.8 


7.0 


8.8 


8.0 


8.6 


Non-flaking 


9.4 


9.6 


9.0 


9.0 


9.2 


9.0 


8.4 


Corobability 


7.8 


8.4 


4.2 


4.8 


5.6 


7.0 


5.8 


Dry Time (sec) 


80 


82 


80 


66 


76 


73 


76 


Spray Pattern 
inches 


3-3.5 


3-3.5 


3 


3.5 


3 


3-3.5 


3-3.5 
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TABLE I Cont'd 



ExamDle No. 


8 


9 


10 


11 


12 




Film Hardness 


4H 


H 


3H 


8H 


2B 




PH 

Pump Spray 


8.31 






3.92 






Hold 90% 

humiditv 
% at 90 mins 
% at 4 hours 


96.58 
96.58 


15.76 
10.96 


29.73 
23.42 


95,54 
44.64 


20.39 


9 


Duration of 
Tack 


30 


12 


12 


94 


30 


27 


Film Stiffness 


9 


6 


5 


9 


2 


3 


Non-flaking 


4 


10 


10 


7 


9 


9 


Combability 


4 


7 


9 


7 


9 


8 


Dry Time (sec) 




28 


38 


90 


95 


100 


Spray Pattern 
inches 


3 


3 


3 


3 


3 


3 



PROCEDURE FOR PREPARING HAIR SPRAY 
COMPOSITIONS OF INVENTION 

A. Pump Spray 
The pump hair spray compositions of the 
invention were prepared by first dissolving the 
terpolymeric resin in an ethanol solution, and where 
needed for clarity, including a neutralizing agent. 
After, the requisite amount of water was added followed 
by gradually sifting in the VP/VA resin. The composition 
then was packaged into a high density polyethylene bottle 
fitted with a suitable pump actuator, here employed a 
pump sprayer (160 ml) with 0.018 x 0.010 inch deep 
actuator (SEAQUIST EUROMIST II). 
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B. Aerosol Compositions 
The aerosol hair spray resin compositions of 
the invention, as illustrated by Example 4, were prepared 
from 65% by weight of the concentrate of the pump spray 
formulation of Example 1 and a 35% by weight of 
dimethylether propellant. 

The above examples illustrate the uniqueness of 
the present hair fixative in satisfying all requirements 
of a hair spray composition, including stiffness, hold, 
combability, resistance to flaking, low tack duration, 
fast drying, elimination of hair build-up and clarity. 
Many other valuable properties will become apparent upon 
use of the present compositions. 
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WHAT IS CLAIMED IS: 

1. A hair fixative concentrate comprising 
essentially as an active hair fixative resin mixture (a) 
a terpolymer having a number average molecular weight of 
between about 20,000 and about 200,000 derived from about 
17 to about 30 wt.% N-vinyl pyrrolidone, from about 60 to 
about 80 wt.% N-vinyl caprolactam and from about 3 to 
about 6 wt.% di-C, to C 4 alkylamino C t to C< alkyl- 
acrylate or methacrylate and (b) a N-vinyl 
pyrrolidone/vinyl acetate copolymer having a number 
average molecular weight between about 10,000 and about 
100,000; combined in a weight ratio of from about 1.4 to 
about 6 parts (a) to 1 part (b) ; said mixture dissolved 
or dispersed in at least 50% of a liquid solvent, based 
on said resin mixture. 



2. The concentrate of claim l wherein said 
liquid solvent is selected from the group consisting of 
water, a C, to C 4 alcohol, heptane, cyclohexane, 
methylethyl ketone and mixtures of said liquids and 
aqueous solutions thereof. 



3. The concentrate of claim 1 wherein said 
dialkylamino alkyl methacrylate of said terpolymer is 
dimethylamino C, to Cj alkyl methacrylate. 

4. The concentrate of claim l wherein said 
copolymer is 25 to 75 parts by weight N-vinyl pyrrolidone 
and 75 to 25 parts by weight vinyl acetate. 
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5. The concentrate of claim 4 wherein the 
copolymer is 60 to 70 parts by weight N-vinyl pyrrolidone 
and 40 to 30 parts by weight vinyl acetate. 



6. The concentrate of claim 1 wherein said 
liquid solvent is alcohol or an aqueous alcohol solution 
and said concentrate contains between about 25 and about 
50 wt. % of the resin mixture. 



7. The concentrate of claim 1 which 
additionally contains from 0 to about 3% based on total 
composition, of an excipient selected from the group of a 
surfactant, a neutralizing agent, a preservative, a 
corrosion inhibitor, a hair conditioner, a hair curling 
agent, a hair coloring agent and mixtures thereof. 



8. The concentrate of claim 1 wherein the 
weight ratio of (a) to (b) is 2-3.5:1. 



9. A low VOC pump hair spray composition 
containing the concentrate of claim 1, between about 80 
and about 95 wt. % total liquid solvent and between about 
0.5 and about 7 wt.% solids in an aqueous solution. 



10. An aerosol hair spray composition 
containing the concentrate of claim 1, between about 45 
and about 75 wt. % total liquid solvent, between about 25 
and about 50 wt. % propellant and 0-3% excipients. 
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11. The spray composition of claim 9 which 
contains a mixture of about 3-7 wt. % terpolymer and 
about 1-3 wt. % copolymer in at least about 90% aqueous 
C x to C 4 alcohol solution. 

12. The aerosol spray of claim 10 which 
contains a mixture of about 3-5 wt. % terpolymer and 
about 1-2 wt. % copolymer, about 30-40 wt. % pr ope 11 ant 
in about 55-70 wt. % aqueous C x to C 4 alcohol solution to 
form 100% composition. 

13. The process of preparing the concentrate 
of claim 1 which comprises 

(a) forming a solution or dispersion of said 
terpolymer resin in a liquid solvent, 

(b) gradually adding copolymer resin to said 
terpolymer solution or dispersion, 

(c) agitating the resulting mixture at from 
about room temperature to 27 °C. until a uniform 
composition is obtained and 

(d) diluting the resin composition with a 
liquid solvent to a concentration of from about 25 to 
about 50 wt.% total resin. 

14. The process of claim 13 wherein said 
concentrate is mixed with a liquid solvent to form a low 
VOC hair spray composition containing from about 0.5 to 7 
wt.% active hair fixative. 
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15. The process of claim 13 wherein said 
concentrate is diluted to a concentration of from about 
80 to about 95 wt.% liquid solvent to form a low VOC pump 
hair spray composition to form a hair spray composition 
containing from about 0.5 to about 7 wt.% solids. 

16. The process of claim 13 wherein up to 
about 3% of a non-active excipient selected from the 
group of a surfactant, a neutralizing agent, a 
preservative, a corrosion inhibitor, a hair conditioner 
a hair curling agent, a hair coloring agent and mixtures 
thereof is added to the concentrate. 

17. The process of claim 13 wherein between 
about 20 and about 50 wt. % propellant and aqueous 
alcohol solution is added to the concentrate to form a 
low VOC aerosol spray composition containing from about 
0.5 to about 7 wt.% solids. 



18. The process of claim 13 wherein said 
terpolymer is derived from the polymerization of N-vinyl 
pyrrolidone, N-vinyl caprolactam and dimethylamine C 2 to 
C 3 alkyl methacrylate monomers. 



19. The process of claim 13 wherein said 
liquid solvent is Cj to C 4 alcohol, water or an aqueous 
solution of said alcohol. 
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